The automatic detection of HFOs is crucial to propel the clinical use of HFOs as biomarkers of epileptogenic tissue.
h i g h l i g h t s
The automatic detection of HFOs is crucial to propel the clinical use of HFOs as biomarkers of epileptogenic tissue.
A comparison of existing detectors on the same dataset is presented to analyze their performance and to emphasize the issues involved in validation.
Optimizing on a particular type of data could improve performance in any detector.
a b s t r a c t
Objective: High frequency oscillations (HFOs) are a biomarker of epileptogenicity. Visual marking of HFOs is highly time-consuming and inevitably subjective, making automatic detection necessary. We compare four existing detectors on the same dataset. Methods: HFOs and baselines were identified by experienced reviewers in intracerebral EEGs from 20 patients. A new feature of our detector to deal with channels where baseline cannot be found is presented. The original and an optimal configuration are implemented. Receiver operator curves, false discovery rate, and channel ranking are used to evaluate performance. Results: All detectors improve performance with the optimal configuration. Our detector had higher sensitivity, lower false positives than the others, and similar false detections. The main difference in performance was in very active channels. Conclusions: Each detector was developed for different recordings and with different aims. Our detector performed better in this dataset, but was developed on data similar to the test data. Moreover, optimizing on a particular data type improves performance in any detector. 
Introduction
High frequency oscillations (HFOs) are emerging as biomarkers of epileptogenic tissue that could help in the identification of epileptic or potentially epileptic regions during intracranial investigations. This could help the delineation of the surgical extent and in the prediction of surgical outcome (Jacobs et al., 2010) .
HFOs are spontaneous EEG patterns in the range of 80-500 Hz, consisting of at least four oscillations that can be ''clearly'' distinguished from background. HFOs were first recorded with microelectrodes (20-40 lm in diameter) implanted in temporal regions (Bragin et al., 1999a) , and recently with clinical macroelectrodes in temporal and neocortical regions (Jirsch et al., 2006; Urrestarazu et al., 2007; Worrell et al., 2008) . When recorded with macro-electrodes, HFOs are characterized by a typical duration of 30-100 ms, an inter-event interval of at least 25 ms, and an amplitude of 10-100 lV. These EEG patterns occurring in the absence of specific stimuli, have been recorded during interictal (Staba et al., 2002; Urrestarazu et al., 2007 ), pre-ictal (Jacobs et al., 2009 ) and ictal (Jirsch et al., 2006 periods. Interictally, they can be identified more frequently during slow wave sleep than during wakefulness (Staba et al., 2004; Bagshaw et al., 2009) .
During interictal periods, higher rates of HFOs were observed in the seizure onset zone (SOZ) than in other areas (Bragin et al., 1999b; Urrestarazu et al., 2007) . Even though a large proportion of HFOs co-occur with spikes, HFOs can occur also in non-spiking channels or independently from spikes (Jacobs et al., 2008) . The ranking of channels according to rate (Zelmann et al., 2009) indicated that HFOs remained confined to the same region during interictal and ictal periods, while spikes presented a wider spread during seizures than interictally (Zijlmans et al., 2011) . Moreover, a
